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mission of the Marine Physiral taboratory:

"The application of knowlodge about the occan, its boundaries
and the surrounding media to the solution of the Navy's
problems in antisubwarine and pro-submarine warlare".

A recurrent thuie in the projects is the developient of innovative
instruaentation for oceanic measuranent of a variety of phicnuncna
that bear upon the Navy's problams in antisubmarine and pro-subiarine
warfare. The extended exposure of working in the rcal ocean
environment builds an expericence base within our staff which is a
resource base for the Navy., The staff of the laburatory continues
to apply that experience by interacting in a direct way at many levels
in the Navy; from serving on advisory coimittees to providing
engineering support to other laboratory operations.

The tasks detailed below represent only that portion of the overall
MPL research program that was supported under this contract.
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THE CCMPL X VIBRATICNS :ND 1MPLIED DRAG OF A
LCONG OCELNOGRAPHIC WIRE IN CHOSS--FLOW

C. M. Alexander

A cylinder in cross-flow experiences periodie forcizg related to
the shedding of vortices in its wake. Long wires im the ocean vibrate
in response to this foreing, but their length and daczping is such that
boundary conditions do not generally apply to solutions of the equaticns
of motion, and their vibratory behavior at one point is of little <onse-

quence at remote points, The bulk of previous studies of vibrating wire
1 characteristics bave utilized only short wires or cylinders in the
F 1 laboratory, so have not considered or even pernitted this phenorcenon.

During a typical deployment of the Scripps Deep-Tow survey system
to depths of 2800 meters, a szall 2-axis acceleromcter package was
attached to the tow wire at a depth of 30 meters and its output recorded
in a diver-operated vehicle about 1 meter dowrstream. Arnalysis of these
data produced sharply peaked spectra with the frequencies of vibration
in the direction of flow twice those acreoss the flow. Good correlations
were found between mean amplitudes across the flow and the corresponding
peak frequencies, and between mean amplitudes across and aligned with
3 y the flow. Preference for a specific phase relation between potions 1in

b the two planes suggests that vortex shedding occurs progressively, and
the forcing function has the form of a complex wave traveling down the
wire,

a4
¢
I

To investigate the implications of the preceding, a tow-tank fix-
ture was built which permitted reproduction of zmplitude, frequency and
phase relations in a cylinder representing a point on the wire. A
series of tests were made to measure drag force directly and obtain an
empirical drag law. A constant drag coefficient of 1.8 was found in the
Feynolds number range 7000-12000, compared to other investigations that
have ignored vibrations in the flow direction.
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Zxploratory znd Advisory

CCMPUTER SCrFTWARE FOR NCRDA'S pLP-11

william Fincke

The MPL plotting package and a variety of application sofiware have
been implemented on NORDA's PDP-11/3%4 miniconputer system at the NSTL
site. The major applications implezented include raytracing and the
pini-FACT propagation 1less zodel, along with piotting capabilities for
both. The MPL plot package was interfzced to NORDA'S Houstom DP-11
plotter, Printronix 300 printer/plotter, and Tekironix :010 graphic
display, allowirng any software using the plot package to utilize any of
the three displays. A general purpose 3-D plotting routine was also
implemented under the same plot package. In addition to software
specifically oriented to data reduction and plotting, word processing
software developed at MPL and latest software updates to NORDA's operat-
ing system have been installed at NORDA.

William Fincke of MPL traveled to NORDA on three occasions to
develop and debug the software nrentioned above znd to give general
technical zssistance in hardware selection, including the Houston DP-11
plotter, Printonix 300 printer/plotter, and DEC VT-100 video terminal.
He also traveled to Nashua, New Hacpshire, with NORDA personnel to
assist in the acceptance testing of the NORDA Array Processing System
(NAPS) supplied by Sanders &ssociates., On this same trip he introduced
NORDA personnel to the array processor system later contracted for by
NORDA from Computer Design and Applications of Newton, Massachusetts,




MISCELLANZCUS

During the course of this contract MPL has provided tszchnological
support to U.S. Navy activities whose missions involve zezrch and curvey
on the deep sea floor. The work hzs included:

¥
- E a) modification and upgrading of shipboard cable-handling cquayment for
v use by other groups with their own tethered, uriisnned, rccotely operated
; undersea vehicles;
» b) modification and upgrading of transducers for the side-scan scnars
{ counted on these vehicles;
t .
H ) c) development of computer software to provide for high accuraey acous-
[ « tic bottom navigation; :
!
‘ j d) consultation with Compander Subsarine Development Group ONE  and
k- “-j numbers of his staff concerning desp seafloor search equipzent and tech-
| niques; and
: e) support to CCMSUBDEVGRPONE with short-term loans of various equip-
] ment,
-~ ‘
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V. C. Anderson

Volume reverberation sezsurernents have been carried out with the
pultiple frequency short range echo ranging system developed under this

contract. Observations in the southern California

area produced quanti-

tative wmeasures of scattering coefficients for a variety of cepths at
different times in the diurnal cycle. Spatial distributions were stu-

died with the aid of a vector current nmeter on the

aent package.

tru-

reverberation irns

The resuvlts of the experimental measurements are documented in the
Ph.D. thesis of Brett Castille "Characterization of acoustie reverbera-
tion in the ocean for high frequency, high resolution sopar systens®,
University of California, San Diego, March 24, 1978. A sucsary of this

thesis follows:

§UEUBP!

A variable depth sonar system centered around
was developed, It is unique in that the acoustice
155, 227, 557, and 819 kHz, and the acoustic beams
6.60, The high frequencies permitted observation
very tiny particles, and the narrow beacs combined

a PDP8/E minicomputer
frequencies are high,
are narrow 1.60 to
of reverberation from
with the depth varia-

bility allowed fine spatial resolution at short ranges. The system was

used to assess some of the characteristics of the environment for high r
frequency, high resolution scnar systems in local waters,

Some observed values of acoustic backscattering strength are given
in the form of representative vertical profiles from 0 to 500 meters in
depth. Observed values ranged from over -30 db relative to 1 m~1 at 819
kAz dcwn to about -90 db at 155 kHz. Very generally, backscattering
strength was found to decrease both u magnitude and variability with
depth. However, some interesting features were found superimposed on
this, such as a scattering layer on a thermocline which was visible at
557 and 319 kHz but not at the two lower frequencies.

Individually resolved scatterers with strengths tbat could be
expected of some of the zooplankton such as large copepods and euphausi-
ids were observed to aggregate in layers as thin as 3 m, Thinner layers
possaibly exist, but were not resolved with the methods of data acquisi-
tion and statistical analysis used,

Horizontal aggregation of resolvable scatterers was seem to occur
over distance scales from a few m to over a km. However horizontal
aggregation on scales less than S0 m with sufficient intensity to be
detected in this analysis was internmittent.
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Ocean Acoustics

Both vertical and herizontal zggrecation tended to be zore internse
in larger scatterars (> =72 db at 819 kHz, expected of euphausiids) than
in the smaller e@nd nore nuzerous particles.

Reverberation from the =rall instazntaneous scattering volumes in
this study, all less than 1 =3, was never Gaussian. In some instances,
espeeially in deep water, the first order probability density function
of the recverberation amplitude was nearly lognormal, although signifl-
cant differences in some statistical properties were always found.
Individual scatterers assumed to be plankton were found to be located
independently of one another when separated by more tham 75 cm. They
ray be independently 1located at considerably shorter separations but
this was not resolved with 1 m-sec tone bursts. No evidence suggested

that the spatial arrangecents of such scatterers were not Poisson
processes,

Fish, however, were seen to affect each other's locatiom at dis-
tances out to 1.5 m, a distance which zay be quite variable depending on
the mean fish separation,

Estimates of target strength abundance distributions of individu-
ally resolved scatterers were cade by deconvolving echo level distribu-
tions with a probability density function generated by the acoustic beam
pattern. Small scatterers were generally more numerous than large ones,
but there are considerable local variations in the forms of these dis-
tributions in specific samples of water. There 1is some reason to
suspect that when averaged over large volumes and time intervals, target
strength abundance distributions of suspended particles may be roughly
linear on full logarithmic coordinates.




Ccean Acoustics

During the past five yzars the eofforis of Dr. Fisher's group have
bezn dircoted towards (1) using a vertical array to study cultipath
arrival structure (2) developing znd using a high frequency (90 kEz)
narrow bezm echo sounder to =casure bottom topogrzphy and internal waves
and (3) Lecasuring and studying lew freoguency sound  absorption im the
ocean,

Fluctuations, Multinath and Canstics

The major thrust has besn directed teowerds the CONTEACK series of
cruises im which 1 large zperture sparse array (532 meter, 20 elczents)
is used to separate wultipaths by their vertical arrival azngles. By
separating the various arrivals by their angles it was expected that
destructive interference effects could be reduced or eliminated thereby
improving array perforcance and leading to continuous tracking (CON-
TRACK) of individual multipaths. 1In this way fluctuations due to the
medium could be studied by exszining individual arrivals separately.
Theoretical work by Munk and others had indicated that saturation due to
micromultipath effects on individual paths would lead to incoherent
j acoustic cnergy. Wwe found that saturation effects appear to be minimal
) out to 1lorng range and that signal cohercnce is substantial over the
array aperture, '

The CONTRACK I (17 January - 3 February 1975) and CONTRACK II (3
Decesber - 18 Dececber 1975) were initial attempts using a uniform and
. tapered elecent spacing on the array in conjunction with a beanformer.
4 while arrival patterns were obtained,they were so complex and difficult
! to interpret that it was decided to go to a [pseudorandom sparse array
) and use a minicozputer to form bezms on a first principle basis. CON-
TRACK III (15-28 June 1976) showed that only two dominant arrivals were
present as a 445 Kz source was towed at 90 m depth on a radial run. The
array was centered at the axis (750 m) a2pd runs out to 5 =zones were
made. Hewaver, ccmplex FFT's on only 0.2 second satples did pot allow
us to do a narrcw enough f{requency analysis to discrizminate against sea
pount reflections which were suspected in parts of the record. .CONTRACK. 4
IV (6 May - 21 May 1977) semples were 2-seconds long and also were
obtained at 195 kHz and 400 Hz. Results out to 200 miles were obtained
and clearly showed only two dominant arrivals.

IS O Y . - S S
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These results were reported as follows:

isher, F., H. and Phelan, F. M., Ocean propagation expericents (OPEX 1I)
(u), U.S. Navy Jour. of Underw. Acoust., 29(2), pp. 147-157, 1979,
(MPL-C-28/78). i
Fi{sher, F, H., and Phelan, F. M., Ocean propagation expericents (OPEX I)

a2
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(U), Procowifogg of fhe 3%nd Yoyy Syopeofo1oon Todemaitor bonoe
tics, Naval crwiter Tyoions Contar,  Nouw o lon, O -etioat,

1h-16 Nov. 1978, V. T, pp. Z07-312 (ML -C2R.1/78).
fleher, F, H,, Frvge indupendent rluctuatiens z2nd patt rn reesg ilion of
vartical angle of srrival structure (U), Pro.: 2923 of the Ao .ug-

tie Fluctuation Work:shop, Naval Recearch Laboratory, ¥ chi-ston D,
C., 22-23 February 1978, V. 2, pp. 11L-|r6 (MpL..C.22.1/718).
ficher, F, H., Pange indaponiont ”‘L*M_Llons and pattorn raeogrnitieon of

vertical angle of arrival structuce (U), ¥PL Toebnical Meior-w ' m
298, 23 reb. 1978 (MPL-S-25/78).

Follewing the CCNTRACK 1V oruise our €.2 fusding was zugzentsd sub-
stentially by 6.3 funding from the LEALP piogrsm, which has hoco
EAS program, =Erforts have L:on ﬁf"ected tewaprd
on-line analysis czpability in prepa
in Qctober 1979. The improveinnts were dirccts
at several frequencies 50 that effects of source &
array =otion could be ceasured,

4’/)

In the work with the 87.5 kHz r=iricw besm eche sounder it waAs foond
that even though it was designed to profile bottom topography it was
capable of profiling interral wave activity very well., Fesults of this
work were published as follcows:

Fisher, F, H., Bishop, C. B. &and Squier, E. D., Ecsvlts of ODEX I Exper-
iments (U), SIO Reference 76-12, 1 August 1976 (MPL-S-26/76).
Squier, E, D., Williams, R. B., Burke, S. P., znd Fisher, F. H., Eigh
resolution, narrow beam echo scunder, SI0 Reference 76-8, 1 June

1976 (MPL-U-69/175).

Fisher, F. H. and Squier, E. D., Acoustic observaticn of density ’aj‘*s
in the ocean, J. Acoust. Soc, fuer., v. 58(1), p. S102, 1975 (M2L
U-83/75).

Fisher, F, H. apd Squier, E. D., Effects of light and zngle of incidence
on acoustic observation of bioleogically erhkzaced layers in the
ocean, J. Acoust, Soc. Amer., v. S9(1), p. ST4, 1976 (MPL-U-11/76).

Fisher, F, H. and Squier, E, D., Observation of accustie layering and
internal waves with a narrcw-bezm 87.5 kHz echo scunder, J. Accust,
Soe. Azer,, v. 58, p. 11315-1317, 1975 (MPL-U-%8/75).

U

It should be pointed out that this work led to the use of this ccho
sounder by Dr, R. Pinkel to study intcernal wives with doppler signal
procnessirg zethods,

Soupd Abscrption

In the absorption experiment work CDR V. P. Simzons earned his
Ph.D. by showing that the 1 kBz relazxation in low {regquency absorption
effect in the ocean 1s due to boric acid, FHe also rmade the best rcas-

uresents  of tbe MgSO, relation at higher frequencies, Results of this
work were published as follcws:

isher, F, H. and Sirzons, V. P., Diacovery of boric acid as a cause of
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Ccean Acoustics

low Irequ ooy cead <reorption In the cocan, Toooodin s of the
LmEZE ULEANS '15 3-1:u"cnce on Ezgi;:nr‘:g wnd e Co:p Trviisone
ment,  22-25 0 Sopt., 1975,  Sin Deco, CA. -RE GCEAN 'S, 75 CHO

292-1 C=C, pp. 21--24, 1y(5 (w PL-U-51/75).
Simmons, V., P,, Investigatfons of 1 xHz sound ztucrption fn rtea water,
Fh.D. Thesis, Universitly of Caifc.nia, San Nicco.
Fisher, F, H. and Sir-¢-s, V. P., Scound shourptica i oea wat
Acoust, Soe, Aizmer,, v. 52(3), pp. 508568, 1977 (MPL-U-3/0T).
Siizons, V., P, and Fisher, F, B., Cbscrvation of the Ilow  foog i
xHz) relsxation im scawater using a 20C-1iter gloss spherical ioge
nator, Trzarns, 88 Mueting of the Accust., Soe. of loar., Y-8 Nev,
1974, St, Loufs, Misccuri, V., 56, p. S17 (421.U-74/74),

izher, F. H., Chuzical \QUII‘LF’LQ conetants Ly didfer-ntial wltrsrenie
abusorption, J. Accust, Soe. fzer., V. 57(1), p. o586, 1675 (1PN .U-
4/15).

Sizoons, V., P. &nd Fisher, F. H., Lew-fruquency scund ztsorption im sea
water as rvasured io the laboratory L=‘u3 a spherical iesonator, J.
ifcoust, Soe. fuar, V. 57(1), p. $56, 1975 (#PL.U-3/7S).

Sizmons, V. P. and Fisher, F. H., 3Hcaction =winetics of the =spparsnt
boric-acid-related 1lcw fregucncy (1 kZz) relzxation in cea water,
J. Acoust, Soe. izer, v. 57(1), p. S56, 1975 (MPL-D-5/7S).

Sizmons, V. P. and Fisher, F. H., Lcw-frequency sound =zbsorption in
Pacifie Ocean water, J. Acoust. Soc. %ner., v. 58(1), p. S85, 1975
(MPL-U-84/75).

-
-

Finally, clcse exazminatinn of Siz-on's thesis lazborztory results
against selected ocean data revealed discrepancies which suggested the
existence of a third chezical relzxation at 3 kHz. Subsequent labora-
tory work by !‘ellen, Simoons and Zrowning confirzed a third relazxation
due to HgC03.

Fisher, F. H., Sound abtsorption in sea water by a third chemical relaxa-
tion, J. Acoust., Soe. Amer., v. 65, p. 1327-1329, 1979 (MPL-U-
28/17).
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HiGH JEEQUAENCY ACONSTIC SCAT/-ALNG

G. T. Faye

This rcsaeareh was intended to investigate high fre:guency zcoustle
reverberation in the upper 300 seters of the ocean using two devic:s, a
nassoow-beam chort-gulse cchosounder and a large plarnar array. work wit
the echosounder ineluded identificatien of reverteratior sscurces at 8§7.5
> =iz <nd a cozparison between sound scattering layer depth fluctuations

| and  short period internal waves, ‘Work with the plarar array at 8 xiz
* v28 to determine if backscatter from scund speed nicrc-structure could
be s:parated from returns due to biological reverberation. This
research resulted in the publication of five articles in referced jour-
nals, three technical rcposts and two oral presentatiorns at conferences,
Some of these results are listed in the follewing paragraphs.

.
. S5 LIPS P

narrow-beam, short-pulse, 87.5 kHz echo scunder. The system resolulion
. indicates that the backscattering can be resolved as discrete targcets,

Target strengths and scatterer densities suggest that the scatterers are

probably fish and possibly squid and siphonophores., Altbough zooplack-

ton wmay be observed acoustically if there are sufficient anizal densi-
i ties, they will not be the dominant scatterers below the mixed layer for
} 1 small insonified volumes, A midnight wmigration was observed that
corresponced with the passage of rain squalls,

4
|
o |
*7 } Reverberation structure has been observed from the R/P FLIP with a
)
|
4
{

] The expirical relationships linking fish length and target strength
| for geonetric region scattering were shown to apply in the case of peak
i dorzal values to soze other =zarine organiscs, Peak dorsal target
i strengths for squid, crab and penaeid prawns lie within 6 dB of the
‘ appropriate predictiorns for similarly-sized fish, Some zooplankton
valves are within similar lirits provided insonifying frequencies are
sufficiently high to ersure that geometrie region interactions occur.
: The ‘arget strength data reviewed show little overall frequency depen-
i dence in the gecretric region, as would be expected if the scatterers
| were modeled as fipite cylinders.

A correlation was found between acoustic scattering intensity at
87.5 xHz and szall-scale vertical tezperature gradients., Frior to the
rise of the Sound Scattering Layer, there was a pcsitive correlation,
which persfsted for about an hour after the upward evening rmigration,
o After this time a diffuse downward migration was observed until the
correlation was significantly negative, This observation indicates that
the use of acoustic backscattering for remote sersing to =zap differing
oceanie water wmasses has limited utility because of varying biolcgical
behaviors,

28

A qualitative corxparison between depth [fluctuations of sound
scattering layers and vertical isotherm motions revealed an excellent
correlation for short period internal waves, It was concluded that echo

P S,
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ceunder applications  to  the acoustic remcte consing of inte:rnal waves
are =xpected Lo be guite suceessful,  Additienally it -hould be -~xzccted
that doppler sonar sys‘ s will be useful zsazsur..c:nt *ools for trnder=-

standing dyrn:mie occan processes, A technigque was devized to extract
internal wave infor:zation dircetly from the short-pulse raverbaration
data., The tcchnique was a tracking scheme which estizated the nezn
T A vertical motion of accustic scatterers and then inferred the internal
L oscillations, Good cohercnce was found between fzntherm depth histories
ind the tracking output for frequencies of 0.5-10 cycles per hour, espe-
cially in the octave of 3-6 cycles per hour.

A large--aperture, high-frequency array with scund scurce was used
to detcet returns from sound speed microstructure, Feturns were ‘nfiz-
! itely clipped and numerous bezms were forzed by stecring for curved wave
frents, The processing was a unique application of digital array phas-
< ing that allowed discrimination between returns from refl-ctors and
discrete point scatterers. Microstructure reflections were found to be
highly directional with beamformer outputs dropping more th=n 15 dB as
the angle of incidence varied to 20 from normal. A conmparison between
{ typical target strengths for marine organisms and reflection coeffi-
cients to be expected for weak and strong microstructure reflectors
showed that the detection of microstructure reflections with convesn-
- o . tional echosounder systems will be casked by biological reverberation
1 ] for almcst all typical oceanic thermoclines.

] 1 References

# 1. Kaye, G, T., A large aperture acoustic array to observe oceanic den-
8ity -~ final report, SIO Reference 75-33, 1 Decemter 1975.
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CAPXR and CHURCH ANCHCR Tata Aralysis

G. B. Morris

work covered under this project has been devoted to fundasental
studies concerning the propogation of sound and the =zbient noise in the
ocecan,

Most of the data acquisition, analysis and studies relate to two
najor exercilses conducted at sea, Exercise CHURCH :NCHOR was conducted
during fugust-September 1973 in the region of the northeastern Pacifie
Occan about halfway between the California coast and Bawaii, The other
exercise, the Combined Acoustie Propagation in the Eastpac Region (Exer-
cise CAPER) was conducted during August 1974 about 400 niles west of Los
Angeles, California (Ref. 1).

In both of these exercises, hydrophones were distributed imn verti-
cal lipe arrangements bepeath the R/P FLIP, Usually the depths at which
the hydrophones were positioned were selected so as to szmple the water
colusn at four key depth positions, the sound channel axis, the critical
depth (conjugate depth where the sound speed is equal to that at the
surface), near the surface, and near the bottom,

One study exarmined the depth dependence of the omnidirectional
znbient noise levels for these two exercises in the northeastern Pacifiec
Ocean, Hydrophones were positioned throughout the water column froa
about 200 m below the surface to 150 m above the bottom. The results
showed that data from 15 Hz to B00 Hz from the two exercises could be
combined on the basis of sensor position with respect to the individual
sound speed profiles without regard to absolute depths, At low frequen-
cies the anmbient noise decreased with incressing depth with most of the
decrease occurring in the region between the critical depth and the bot-
tom, No wind speed dependence at the low frequencies was observed, At
higher frequencies the noise levels and the depth dependence was con-
trolled by the wind-generated noise,

The propagation lozs and s3fgnal-tc-nolse ratios at the four widely
separated hLydrophone depths were determined from explosi - e signal data
collected during Exercise CHGRCH ANCHOR., The results are discussed in a
classified report (Ref. 3). Analysis was cade of the effects of range,
frequency and sensor depths on the propagation loss and signal-to-noise
ratios for a constant =ource depth of 18 rceters. The sensor depths used
in this study were 775 meters, 2892 zeters, 4250 meters and 5180 neters,
corresponding to depths near the sound channel axis, a depth roughly
ridway between the axis and the critical depth, the oritical depth, and
132 rneters above the bottom, respectively. The objective of the ana-
lyses was to identify source-to-receiver ranges, frequencies, and sensor
positions which ninimized propagation loss for the signals, and, in par-
ticular, resulted in paximum signal-to-noise ratios, Bathycetric or

12
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changing water zass effects on *he sound Jonpagation were also noted.

There proprgation loss results were also exscined to detarmine the
frequency daegendent =zound atternuation 1in  this region of the Pzeifie
Ocean. The results substeantizted the findings of others that the fre-
Quency dependent attenuation in the Pacific Occan is only half that of
the Atlantic Ocean (Ref, 4).

The szme analytical techniques used to study the firequency depun-
dent attenuation for the Pacifle data were also npplied to archival data
from the Beruuda Island region of the Atlzntie, These results were
given in the form of propagation lcss znd attenuation in a classified
report (Ref, 5).

During the ambient noise mcasurezents of Exercise CAFER, a VLCC
{(Very Large Crude Carrier) or supertanker, the Chevron London, rassed
through the region greatly influencing the background noise lcvels (Ref,
6). The tonal associated with the propellor blade rate and its fre-
quency harmonics were clearly observed on single, ozni-directional
hydrophones for ranges out to 2480 nautical miles, 3roadband source lev-
els in the 50 Bz onc-third octave tand for this vessel were estizated to
be between 185 and 195 ¢3//%:Pa. Moreover, the mezasurcsoents showed a
strong directivity pattern for the radiated noise of this vessel. Near
abeam the strongest blade 1line bharnonics were in the 50 Hz to 70 Bz
band. For the near stern radiation, the strongest line were in the 40
Hz to 50 Hz band, Perhaps the npost significant conclusion of the
analysis of this supertanker noise 3is the slope enhancement of the
acoustic output as the vessel crossed the stecply dipped continental
slope. This slope enhancement was peasured at four widely different
depths from near the surface to near the bottom. This slope enhance-
ment, or the increase in far-field peaswed source levels when the
vessel neared the continental slope, amounted to 5 to 10 dB with the
shallower hydrophones showing the largest increases,

In 1977 the emphasis shifted from omni-directional, single sernsor
analysis to configuring the hydrophones as a 20-element vertical array
(see Vertical Directionality of Ambient Ocean Noise, page 17).

During this contract period several reports were i=suved which
described other effects related to the main objectives of the research.
One report described the analog tape recordings cade during particular
phases of the CHURCH ANCHOR Exercise (Ref. 7). Apother report described
the advantages and potential for using the R/P FLIP as a general purpose
platform for opeasuring the radiated poise levels of the zurface ships
(Ref. 8).

REFEZRENCES
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Propagation in Eastpac Beglon (Exercise CAPER), Marine Physical Labora-
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2. G. B, Morris, Depth Dependence of irbient Noise in the Northeastern
Pacific Ocean, J. Acoust, Soc. Am., 68, 1978 (581-590 pp.).




Ccean hcoustics’

3. G. B, Morris, CiURCH ANCHOR- Fxplosive Cource (SUS) Tfropagation
Mezsurez:ants from R/P FLIP (U), University of Califcrnia, CSon 2Dicgo,
Marine Fhysical Laboratory of the Scripps Irstitution of Oczancgrithy,

SI0 Ref. 7€-10, 1 July 1976 (Confidential).

5, G. B, Morris, Low-Frequency Sound Attenvation in the YXorthesstern
Pacific Ocean, J. Acoust, Soc. Am., 59(1), Spring 1976 (p. Si4).

5. G. B. Morris, A 320 Mile Sound Transpission Run SE frem Z-rmuda
| (1955) -~ Revisited (V), University of California, San Diego, Marine
| Physical Laboratory of the Scripps Irstitution of GCceznography, SIO
Reference 76-5, 1 April 1976 (Confidential),

6. G. B. Morris, Preliminary Zesults on Sezuzount and Contirental Slope
Reflection Enhancezent of Shipping Noise, University of California, San
Diego, Marine Physical Laboratory of the Scripps Institution of Ocearog-

4 raphy, SIO Reference T75-38, 7 Novczber 1975.

T. G. B. Morris, Analcg Tape Recordings of CHURCH ANCHOR Exercise S5O0S
Data taken Aboard R/P FLIP, University of California, Sanm Diego, Marine
Physical Laboratoryy of the Scripps Institution of Oceanography, MPL
Tech Memo 256, 3 May 1974&.

8. C. B. Bishop and G. B, Morris, FLIP as a Platform for Measuring
Radiated Noise of Surface Ships (U), University of California, San
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raphy, MPL Tech Memo 286, 26 January 1977 (Confidential).

14

A A IPAIAING I S  + o T pe 4w VA g, L = + o srdns




Ocean Acoustics

Under the terms of this coniract, a prcgram was funded to develop
Doppler scuar techniques for the study of water notion in the upper part
of the sca, Feasibility studies were initiated im 1975, follcwed by
prototype tests in both ocezn znd fresh water lzkes in 1676-7. Zzsed on
this experience a set of four Doppler tackscattering sonars were cob-
structed, under cooperative support of NCRDA (Codes 500 and S41), CXR
Code %80, and NSF. These were designed and tested in 1978-9 and used in
a bighly successful FLIP cruise in May 1¢80, to study the directional
properties of upper ocean internal waves, In the following paragrzphs
the m~otivation for the work will be discussed, Then the results of the
early tests will be outlined, followed by a description of the Doppler
btackscattering sonars constructed. A description of the May 1650 FLIP
cruise will conelude this section of the r port.

Internal waves are ubiquitous in the upper ocean and constitute a
domirant source of disturbance of the ocean interior on the smaller
scales of interest to the Navy. While the levels of internal wave
activity are now fairly well known, the directional nature of the propa-
gation of these motions is poorly understood. Since internal waves con-
situte the dominant "background® agairnat which highly directional man-
zade disturbances pust be detected, it is vitally important that the

ircctionality of the wavefield itself be determined, This is a diffil-
cult task, To sense the direction of wave-propagation, underwater
"antenras™ have to be constructed, having dimensions comparable to the
wavelength of the waves, These range in horizontal size from a few
meters to many kilometers. Constructing an antenna which physically
spans this range of scales i3 not feasible, The most successful attempt
was in the 1972 IW¥X experiment in which a complex tri-moor was deployed
in the deep sea, on which many current meters and temperature sernsors
were cuzspended., While mooring technoleogy has been improved in the last
decade, attenpts to improve upon the IWEX results 3inm the upper ocean
have not been successful, The variable currents in the upper few bun-
dred meters are strong enough to cause significant mooring motion prob-
lexs, At MPL, Doppler sonar has been developed as an alternative
apprcach, Here, high frequency sound is trarsmitted ip a narrow beanm.
The 2o0und scatters from the plankton (and nekton) in the beam, From the
Doppler shift of the backscattered echo, the cocporent of scatterer
velocity can be determined at zany ranges, Several such sonars, mounted
on the research platform FLIP and pointed ip different directions can be
used to achieve the "directional antenna® necessary for internal wave
progagation studies,

Prelirirary tests of this concept were started in 1975-6, by which
time Doppler radars had been well established, It wx«y important to both
develop the acoustic technology and to investigate tu- extent to which
radar principles could be applied to scattering sonar. Tests wvere
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conducted in Like San Vicoeste, :-st of S=n Dicco, on ~ouv-ri3l prointice
cystans ponging from oa sfuple gulie-ccho fncchircnt conir to an Infinite
tizme-bandwidth ceoherent senar, The gureral foprecsion roculting from
these tests is  that, while the radar nethods can be carri:d cver to
] scrnar, sound trzivels too slowly in water relative to the motion of the
; scatterers to cazpitalize on nzny of the techniques developed in radar.
1 The szae basic principles have to be applied from slightly differant
1 points of view., Also iaeny of the intuitions devaleped in the offoris to
1)
i

deteet a "discrete” target in a random noise field nust be nodified when
: dealing with a random "cloud™ of scatterers., These findings were suz-
; zérized in a NATO text article "On the Use of Deppler Scaar for Uroper
Oce=n Velocity Estinzates®,

Following this bzsic research, an existing 87.5 kHz sonar was bor-

' rcWed from Dr, Fred Fisher of MPL for zctual sea tests. TIn Jarnuary 1677
L i approximately two weeks of high quality Doppler data was collected. It
4 was then tipe to proceed with cornstruction of a FLIP based nulti-sorar
array. By October 1980, a four sonzr system was constructed under the
conbined sporsorship mentioned above, Two large sonars snd two zmzallep
ones were created. Each of the larger sonars consists of 1680 discrete
tranducers which are oDounted om a flat plate to produce a hexzgonal
array of 1.5 m mean dizmeter (Fig. 1). Each array is driven at 32 kw
peak power at frequencies between 70 and 85 kHz. At these frequercies,
- the bearwidth is theoretically less than 10, Useful ranges to 1.6 km
have been achieved, depending on the biological scatter levels (Fig. 2).
! Range resolution is adjustable. At typical resolution lengiths of = 25
; m, a velocity precision of = { cm/sec rzs can be achieved after 30
seconds of ping to ping averaging. The sxzaller sonars, constructed of
spare parts from the larger ones, neasure approximately 1.5 x 0.8 m and
! are driven at 8 kw peak power.

e

In order to best study the directional properties of internal
waves, the sonars were positioned on FLIP as follows: the two large
sorars were mounted at a depth of 85 m (with FLIP vertical) with beans
directed horizontal, and at right angles to each other. These, when
used in a "Mills cross" fashion, will provide the desired inforzation on
the directional properties of the waves, The szaller sonars are nounted
higher on the hull, 30 m depth, with bezczs directed downward at a 45°
angle, These monitor the shear field in which the internal waves have
to proragate, '

The co:aplete system, ip addition to an autciatically profiling CiD
and opuserous environmental sensors, was tested in short crulses in lNov.
1979 »nd Jan. 1980. During May 1980 eighteen days of continuous meas-
urezents were made in the deep sea 400 km soutkwest of San Diego, Cver
four million independent velocity measureczents were cade by the sorars,
in addition to some 12 thousand CTD profiles. The data set is compar-
able in size to that from the Polyrode Experiment, which lasted for a
Year and involved investigatora {rom many nations.

This contract closes with the analysis of the May '80 data set just
begirning, In excess of 200 cagnetic tapes recorded on the sea trip
have been duplicated. Detailed processing is now starting. The techni-
cal feasibility of Doppler sonar for internal wave measurezents has been
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Ccean Acoustics’
VERTICEL DIRECTICNALITY OF AMBIZNT OCZiAN NOISE
R. C. Tyce
Zurircg the lazst five jyears, the rceuscerch group foroerly nunder Dr.

ferald Morris and mzore recuntly under Dr. Robert Tyce has Yoan 102N
trating on studies of low-freguency a=bicnt occzin noice,

It has be=sn clear for ster of years that distant  :zhizping is
the :najor cecatrilutor to o ant oces=n noise in the 2C0-200 Bz freguency
rarge (%Wenz, 1962). In the dugp ccean, where long-range propzgition is
pcssible, the ships which con contribute to the zzbient noise field zre
large in number though certainly not unifora in distribution.

I

[ Y]

Much of the work at the Marine Ihysical Lzboratory, essentially
since its begicning, has besn aimed at understending #uzbicnt noise in
tbe occan, Building on previocus work at the lab, part of our efforts
during the past few years have been aised at understanding and quantify-
ing the directional and depth dependence of lcw-frequency ambient ocean
noise,

The earlier work on depth and directional dependencies of =znbient
noise has been published in several papers by Dr., Morris and Dr. Ander-
son, particularly Anderson, 197%a, 1979b, and Morris 1975, 1978.

Earlier work at MPL established interesting depth dependences of
low frequency noise as well as indications of significant vertical
directionality. During May 1978 and April 1979 two separate FLIP
cruises were conducted to obtain detailed mcasureczents of vertical
directionality and its dependence on depth ia deep water,

The May 1978 experirent concentrated on the frequency range from 10
to S0 Hz., With FLIP noored at a location 350 miles west of San Diego in
water 4300 m deep, a 20 element array 532 m long was deployed vertically
to five different deptha over a period of several days. More than 90
digital tapes were recorded with individual hydrophone data for beam-
forzing later asbore,

The data from this expedition has proven extrezely good, with only
one hydrophone crcalfunctioning during the experisent., Much of our fai-
tial efforts at processing the data were aized at optimizing side lobe
rejection in the bearnforming process, to obtain a high degree of verti-
cal resolution,

As a result, better than 30 dB side lobe rejection was achieved on
the real data for 16 or more channels. The data thezselves show primary
concentration of acbient nolse in this frequency range between + 13 deg
off horizontal for the array centered at the sound channel axis. The
noise level drops draczatically outside this & 13 deg sector to levels
zore than 25 dB lower,
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This nrnenlap ccetfon deeg i:pth 30 that  when
the .rray is ooar hottoen, Yhe cnnroentrited inoan
reular sector of « 4 Iag as ital,

The initial reosults from this expedition were precseunted ina  [aper
by Moiris =nd Tyce at th seocwber 1678 Acoustical Scoelicty reeting,

[}

For the Lfpril 1979 work the vertical arrzy was reconfijured to con-
centrate on the fiequency range from 50-200 Bz, This fo-guiney ringe
rupresants the  treansition rogien frem ship-dominated to  zea-state-
deninated shient  noize, Yere the vertical srizy wis 2oplecyed to the
seme five depths as in the May 1978 expericent, ranging from rpear the
surface to near the bottom, at essentially the ==re location as before,

During feour days, ore than 300 t=pes of data were collected during
this expedition, with only a single significant hydrorhone failure. The
cdata here show a gradual reduction in directionality from 50 Bz to about
175 Bz, where directionality 48 reduced to only a few dB difference
between horizontal and overhcad directicns, with wind speeds of 20-40
knots, ’

Between the 1978 and 1979 expeditions we have an excellent =zarbient
noise data set from 10 to 300 Hz. Analysis of this data set is on-going
and includes various studies of beam and elezent noise statistics as
well as studies of envelope spectra.
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CA saRQMNLY BESIUUAL NOLSE Fo-LD raliREM
R. C, T,.e
Juilding on cur previcus werk on Yhe structure of tackoround  noise
in the cootn, an effert  to study the presidual noise finld ~a:s 1o un

mwndepr this contract,

Aliost os coon 28 it was realized that the low  freguoncey nofze
heard by onmni-dipscticnal  hydrophores in the deep ceoezn wes prizaptly
ship jaamrated, it was seslized that at ccmze level of direrinination the
noise field wonld becuize non-isotropie, separating fnto single or multi-
nle ship co=parn~nts and a residual background noise rield, 7This residue
i3 the raicroround whiech will 1iait truly bhigh perfeormance passive syco-
torms, and at lesst part of it will toccze the prineipal thackground in
the avent  of drastie control of =hipping which conld ocecur in tines of
CIargeney.

Making significant use of current capabilities, we kave bcen
endeavoring to develop a capability for zcasuring the residual roise
Tield. Cur current design involves a long horizontal array attached at
cne ¢nd to a heavy presswre case suspended from FLIP in a 3-point noor.
The other cnd of the array is attached to an additional 1lipe, =znchored
and buoyed im the vicinity, by rcecans of a line crawler. By proper
choice of weight, buoyaney and anchor position, the array can be held
with proper tension, and positioned at any desired depth by means of the
irezotely operated line crawler,

Our efforts during the past two ycars have involved the design and
testing of the various aspects and componcnts of this system. These
include array navigation, array telesetry, array deplcyment and han-
dling, and 1line crawling capability. Our efforts included investiga-
tions into the developing Kevlar array technolegy, perticularly invelv-
ing adaption of the techniques developed by the NORDA VERA group urder
R. Swernson,

During May 1979 an expedition was undertaken aboard FLIP, with the
tarti{cipation of the NCRDA VEFA group. This cruise was intended to to:st
navigation, deplocyment, and line crawler techniques, as well as collect
envirorzental data. With FLIP 4in a threc-point opoor north of San
Clecente Island in 1000 m deep water, MPL and VEKA arrays were deployed
in both hcrizontal and vertical podes, Array locali:ation experizents

were conducted using various @ound sources, 2ackground and shipping:

noise reasurezcents were also iade,

Yore specifically, a nine-channel VEKA II array was deployed hor-
‘zontally from FLIP, and later adjusted to a vertical mode. A ten-
channel MPL array was deployed vertically from FLIP, then recovered and
deployed twice horizontally to 300 m depth by means of the line crawvler,
Array localization experirents were conducted for all four array confi-
gurations using 1500 Bz transducers and transponders, practice SUS
charges, seal control charges, and various projectiles, Recordings of
ashient npoise and ship traffic were cade for evaluation of the VEKA
array and studies of the noise properties of the Catalina Easin,
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The oraire was caty oly suezosfnl, Lith 211 Dstoyoents pielding
voeul dita, The oertiviysssson of ha UITTA LLoup seous Tovituanle
fosioht fato poatotial applicstions of  tte vl srray  Solnolowy
trveloped Ly that o Looap,  ag well ss peseihle coeperetive cUlurts, A
dizoussion of Lhe VArA/FLAP crray deployoent hes Lown [ oh] -d In ‘%
¥apine Tochnoleny Socinoty Jeurzal (Swenron =t 2., 1630),

Cn-going work for thisz projfect ineludes design and
new  microprocassor controlled b try unit for loen2l Yoo if

h] -
[CB R R

order to nschicve optiral irviolution with a :f.afn of
Present  plans inelude a 30 channel seray 2ppeoxnioatel

long at 100 Hz with tr:n-ponder loecali:ation, Initial
this array for cocnvirorizental =zezsur-ccot i&s pl-nned for

anticipated that NCRDA V:¥A techinolopy ~1ill Te ‘avolved in .oy ~in-
struction «nd deployaount, s well =3 ;orsible erwise partiei :tion,

Corsiderirg the zystew resolution i_.plied :bove and the tzize f.oom
which we operate, the initial seagoirg work will be carried out off S=n
Dicgo in the deep orezn (after z2n iritial =challow water test) «with
azinuthal =cctors pointced north-south., Cn-tozrrd data srocevssing cquip-
cent will provide for narrow band spcetral aad statistical 1lyses =8
well as data recordirg. Subsequent observations will te ccaluctad both
with and without use of major topographic features to block input from
one or the other of the reciprocal scgments teward which the brozdside
direction of the linear array will be criented.

These =ubient noise studies will establish the li:zits on low fre-
Queney passive sopar performance and will be particularly exciting since
they will open :m aspect of ocean acoustics which is virtually unex-
plored, It is quite possible that they will provide substantial new
viewpoints on the long-range detection problem as well as the fundcmen-
tal rature of noise in the sea.

REFEZRENCES
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2. P. F. Worcester. Reciprocal acoustic transimission in a midocean
environment: Fluctuations, J. Acoust, Soc., Aim., 66, 1173-1181
(1979).

3. W. Munk and C. Wunsch, Ocean acoustice ‘tomography: A scheme for
large scale monitoring. Deep-Sea Research, 264, 123-161 (1979).

4., S. M. Flatte (Ed.), R. Dashen, W. H. Munk, K. M. Watson, and F.
Zachariasen., Sound Transmission through a fluctuating ocean. Canm-
bridge University Press, 299 pp. (1979).
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gence zone acoustic propagation: Fluctuations. (Ia Preparation).
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LEEP TOW [MERCVEMAENTS

F. N. Spie:zs

The Marine Physical Laboratory's decp-tow engineering group Iri-
tially received funds to undertake four tzsks which would substantially
improve our ability to conduct fine-scale sea floor topograzphie surveys
and speed the necessary related data reduction process,

The tasks were as follows:
1. Transponder versatility,
2. Inproved topographic resolution,
3. Data processing.
B, Positive sub-bottom profiling.

Task 1 was to modify our fish and =hip tracsponder interrogation
capabilities so that we could work with AMF or other trarcsponders than
our own (see DCSD 1359, item 1). This was coapleted.

This contract work program was modified by a letter (PME 124) which
added the task om the roughness processor and allowed us to defer com-
pletion of all the tasks, within the framework of the successor to this
contract, to which some PME 124 funds were added for the purpose,

The improved topographic capability and transponder versatility
items were completed and tested at sea in March-April 1980 during NSF-
funded MANOP surveys. The data processing element 13 also complete and
work on the sub-bottom profiler and roughness processor i3 continuing
under the successor contract,




SUUHD rRCPECGATION TN THICK SFDIMANTS

G, G. Shor, Jr.

Puring the period of this contract, the pri=zzry work of the group
vnder Shor and Raitt was the deternminaticn of finc-scale variations of
sound veloeity with depth in thick sedimentary sections in the scafloor,
znd the determination of attenuation of sound waves as a fupnction of
depth in the same areas., In the process of doing this we developed scze
new hardware and  techniques for study of the seafloor, Cne item of
hardware was a long (6 ¥a) towed rear-surface array and a Aigitization
system to go with it; another item was a set of irexgensive noocred
telezetering/recording buoys for seismie work: a third was a set of
free-fall recording ocean bottom hydrophones, which record signals over
a wide dynaznie range and return to the surface at a pre-set tise, The
second zind third sets of equipment have been highly successful, and with
them we have rcade observations of sound-wave arrivals from deep explc-
sive shots to deep and shallow receivers., These observations have pro-
vided data om sound velocity variations as a function of depth in the
sea floor over ranges of depth that are difficult to study using shallow
sources or receivers. The best set of data, from the central portion of
the Bengal Fan has provided a precise determination of velocity with
depth, and a determination of attenuationm as a function of depth, show=-
irg that the attenuation coefficient, high near the surface of the sedi-
oents, decreases rapidly at depths near 600 cmeters and drops to a value
in the deeper part of the sediment section that is little, if any,
greater than in hard rock sectic:s. The depth at which the attenuation
begins to drop is approxicately the sace as the depth at which the gra-
dient of velocity with depth bdegins to drop from its high initial values
to a 1lower rate of increase, leading one to believe that the effect is
prizarily one of consolidation -~ the depth being that at which grains
in the sediments are in firm contact due to the weight of the overlying
material, Work om this project is continuing under a new contract, with
the goal of determining the attenuation and its variation with depth in
a wide variety of oceanic eavironments.




The deep-tow imstrucent system was used to previde technical ser-
- vices in support of a microbathyuzetry swvyey required for the MNaval
. “lectionics System Com:znd, The survey was carried out during March

ice
lec
1978 wutilizing USHS SILAS 3ENT operating out of Yokosuka, Jzpan. Deep=-
tow topographic data were reduced to contour chart form and delivered
» directly, alorng with the origiral sidc-looking sorar and photog:aphie
i2aterials to NAVELEXSYSCOM (FME 124) for interpretation,
]
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sonar was designed, constructed and tested at cea as an elezent of

CEZA FLOCR SHAPE

Tn ordar to provide more detsilszd inforuation about the ceafloor

shape (3lope and curvature across track), an interferozeter side-locking
the

deep-tow Irstrument system, Subsequent equizment modification and data

acquisition has been supported by CNR-Code 480.
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SFA FLGOR REFLECTIVITY

For more than a decade the Dcep Tow group at MPL kas been “ripruving
its ability to zcke near-bottom geophysical =nd acoustic suiveys of the
deep sea floor. The proximity of the deep tow vehicle Lo the .ca floop
permits lateral resolution of acoustie properties of the sea flioor which
cannot be obtained from surface vessels,

During the last five years a system for quantitative seirmie [ro-
filing was developed and refined into a valuzble resezrch tool., This
system has resulted in several Ph.D. thcses and a nuzber of significant
papers.

Reginning as a simple 4 kHz echo sounder, a couputer processing and
display systcm was developed, After zeoquiring data on tape for Cuvaral
years, a real time systcm was developed to produce guantitative data
displays alorgside the old analog displays. The result is a valuable
geologic and acoustie tool for deep ocecan survey work. The develoyzent
of the system is docunmented in a paper by Tyce (1977).

The application of this system has revealed siganificant variability
in reflectivity of the sea floor and for buried reflectors on a very
small scale., Over lateral distances of a few meters, 7 dB changes in
overall reflected energy as well as 10 dB changes from individual
reflectors have been observed, Extreme variability from volcaniec base-
cent is seen to be common, requiring a scattering model at this fre-
quency. )

Anosalously high amplitudes from buried reflectors together with
abrupt reflectivity changes from buried reflectors caused us to add a 6
kHz capability to the 4 kHz system. This allcwed us to otserve whether
or not multi-layer interference was a sigrificant effect at these fre-
quencies, as we suspected it was. The ccnsiderable differences between
4 and 6§ kHz profiles in oany areas suggest that nmulti-layer interference
{s a significant effect for pulsed CW profilers such as this,

The very smsall scale lateral variability observed in rzany areas
also suggests that very locali:zed phenc:zcna play a zajor role in sedl-
uentary proceszses,

Despite the variability and interference which we ccmzzonly observed
however, this quantitative profiler has proved icvaluable to studies of
geochronology and attenuation of sound in sediments. The detailled pky-
sical and chemical property 3studies of core sacples taken by Dr, L.
Mayer (1979) along a quantitative profiler track provided one of the few
successful correlations of physical and acoustic properties which have
been achieved in recent years.
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Sca Floor Studies,

£

In zddition, the r:a3l tire quantitutive profiler plets have sroved
nvalusble for estizztes of zccoustic atiznnation from sedinent wodges
2nd dipping reflectors, which appear surprisingly coizon in the <oep

sea, A wide range of values for various sed’zent types have been
cbserved ranging from 0.12 to more than 0.65 dB/m at 4 kHz.,  Surpris-
fnrly low values for calcarsous sedicents were disceovered, suggesting an

unexpected trend to izrkedly lewer attenuation for biogenous sedizents.
More work in this area is clearly indicated,

Publications on the subject of attenuvation in particular as well =zs
on reflection loss variability zand zncmalous zmplitudes are presently in
press,
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SIINAL fROCHESESING

V. C. inderson

Signal proces:ing  investipations vuvader the contirzet have beeon
varied in rature and have, to a lirge extent, sorved =s input to otker
orojects rather than being en end in theoselves,

One of the nore extended Izvestigations s one directed tcowards the

ticn of F. V. Tent's "Siec Tiransit Sonitus® algoritka for detec-
ke transit of a t:rgat rast a receiving Lydrophone. After F.
V. Zunt's cdeath, DPr. Fhilip Rudnick (who retired from MPL im 1669)
offered to 2ssist in the project cn a volunteer tasis, 2inalysis of data
collected frca a bottom hydrophene installed off the end of Pt. lema has
been coipleted and Dr. Rudénick i3 p.cparing a Cipal report which unfor-
tunately is a negative one with respect to the appliczbility of the
Algorittm in the ~nviroruenal poise field. The reazson bzhind the nega-
tive coneclusions lics in the non-stationzry nzture of the amxbient noise
in the ocuan,

The rekindled interest in noise stationazrity that developed out of
the "sic transit sonitus® experiment gave rise to a paper on the
envelope structure of noise and signals in the 20 to 100 Bz frequency
band 33 observed on the LRAPP 20 elezent vertical array from FLIP, and
also one treating the envelope structure of noise im the 800-3200 Hz
band as observed with the ADA array.

During this contract period two visitirng scientists, Prof. Ted
Birdsall of Michigan and Prof. Franz Tuteur of Yale, spent periods in
residence at MPL, interacting with the staff and the seagoing MPL
research progrzmns. Dr. Birdsall applied signal processing techniques to
the analysis of shot data, recoving the artifacts associated with the
bubble pulses so that the fruquency dependence of acoustic transmission
lc3s over very long range paths could be rore precisely determined. Dr.
Tuteur and J. Presley, a gracduate student, developed a method of
estirating input spectra from the output of an infinitely clipped
(DI4US) beamformer, .

Another 3ignal processing topic wz2s the coxparison of two tech-
niques for hefight finding in an echo rarging sonar. Specifically the
study relates to the ccuparison of a phase difference cethod where a
3plit ‘transducer s used 3nd a timpe difference technique where two
separated transducers are used, with hefght inforcation derived from
triangulation wusing travel time differencing in the echo arrival at the
two receiving transducers. - Part of the study relates to the rmanner 1in
which the 3-D inforiation i3 displayed to the operator, in particular by
the use of a stereo imaging display. This study 4is part of a Ph.D.
thesis in preparation.,
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Signal Frocessing

SNVELCPE SPACTRA FOR SIGNALS 24D NOISE IN VERTICALLY DIR=C/TONAL --'MS

Victor C. tnderson

A vertical line array oper:itad from the roecosreh platform FLIP wos
used to obtrin directional sezples of deep-wabter signal irensnmission =nd
background noise over a period of three days. The data are znalyzed to
obtain estimates of envelope spectra for both sigral =nd nofse, Sieni-

ficant differences between the envelope spectra of sigrals and noise are
observed, Comparisons are also czde befween the acoustic signal on sin
gle hydrophones and those from the electrically steered Teszs. The sin-
gle hydrophone exhibited a puch blgaer temporal varizbility of =:plitude
than did the beam data, Linmited cvidence indicates that srat*al variz-
iors acrcss the array were not solely due to interfcicence between major
nultipath arrivals, but iay be, irstead, scintillation produced Dy =n
inhonogen¢ous medium, B

(Abstraet from J. Acoust. Soe. Am., v. 65(6), p. 1480, 1979.)
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TNAMIC EEAMFORMING

[\g}

‘ckiss and V. €. irderson

Zackground

The concept of coherently swaring together the signals arrivirg at
the individual elements of a drifting sonobuoy array stimulated work by
the Marine Physical Lzboratory to fabricate a dyrzwically prograr:ible
tea=former.  As conceived, the drifting collection of sonobucys would be
a sparse @rray, l.,e., one where the average seperation between ela:ents
would be ruch larger than oune-half of a wavelength at the freguescies of
interest., The net result of having only a few elesents thinly spread
across a wide aperture is that the rumber of resolvable listening direc-
tions or "beanms?® that could be forsed by first tirce delaying, them sum-
ming the individual sonobvoy signals, would excced by a factor of 100 to
1000 the muzber of elczents themselves, Also, the tiie varying gecometry
of the frcely drifting sonobuoys meant that the set of time delays
required for each desired listening direction would need to be dynami-
cally ajustable, This requirement for a very large number of bezus
being generated from a time varying array geometry was the essence of
the dynamic beamformer problem,

The hardware which has been fabricated permits the incorporation of
slow changes in elexent positions and beam steering direction while the
beamformer carries out the real-time formation of 1300 beams from 32

_ircput sensors. The sensors are distributed in a random, but known

manner over an aperture diameter of up to 3000 meters. Their positions
are determined by a separate array element location system (designed and
fabricated by the Naval Ocean Systems Center) which makes use of several
active buoys within the predominantly passive sonobuoy field.

Progress to Date

Design and conatruction of the Dynamie Beamformer was initiated in
FY77 under MPL proposal UCSD 0723 and completed in FY78 under MPL propo-
sal DCSD 0959, The design of the Dynamic Beamformer was carried out in
cooperation with the Naval Ocear Systezs Center, particularly with
regard to cata forzat and systes interface.

In FY79 under MPL propesal UCSD 1318, the CIy-a=ic Bez=forzer
undervent system integration tests with the recaining Naval Gcean Sys-
texs Center equip-ent. Dyramic Bearmformer software =odifications were
cade to peruit cesking of the input data charnels so that the first 32
"beans®™ of a beam scam actually correspond to the individual channel
sigzals. In July 1978, MPL participated in the first STRAP (Sonobuoy
Thizced Randonm Array Program) sea test.
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